The atrial rate variability measured under an atrialventricular (AV) disassociation condition, e.g. fixed [7, 8] in which the respiration frequency is over 1/2 mean heart rate so that the HF of HRV is not equal to the breathing rate. Although the relationship between the oscillation frequencies of ARV and ventricular pacing rate (or BP pulse rate) could be derived by the cardiac aliasing, how the ARV is regulated by the BPV needs to be revealed.
Introduction
H e m rate (HR) variability (HRV) had been widely used to assess the autonomic nervous activities (ANA) in many different situations including physiologically or pathologically changes. Mostly HRV is measured under an atrial-ventricular (AV) synchronization condition. In this normal condition the frequency power of HRV mainly locate at low-frequency (LF) band (0.04-0.15 Hz) and high-frequency (HF) band (0.15-0.4 Hz). But in our previous study under an AV disassociation condition, e.g. fixed-rate ventricular pacing, the atrial rate variability (ARV), was measured and showed a pattern in which the main frequency components varied with the ventricular rates 111. Some 
Here a and b are constants. They can be tuned to fit different situations.
Real data simulation
First an open-loop model was applied. The real BP waveform was transformed to be the modulation signal m(t) according to equation (2) to generate the simulated ARV. The real ARV and BP data of reference [6] were used to simulate and compare. Because the mean HR of each experiment is different, the constants a and b were tuned to generate the ARV with a similar mean HR to real ARV. The spectra of real ARV and simulated ARV were compared.
Close-loop model
In addition to simulate the ARV used the real BP data, a close-loop model was also created to illustrate the interaction between ARV and BPV. Due to AV dissociation the AV delay varies from beat to beat. The irregularly changed AV delays will induce fluctuations of BP waveform. Here we suppose the systolic pressure is the only parameter influenced by AV delay. Thus the blood pressure waveform for each beat was shaped using a curve with a variable maximum representing systolic blood pressure that was determined by each AV delay.
The relationship between AV delay and systolic blood pressure (SBP) shows that the longer or shorter AV delay will output a lower systolic pressure. Therefore it was supposed that SBP and AV delay have the following Thus SBP has an optima value. 120 mmHg, and gradually decay when AV delay become longer or shorter. 
Results

Real data simulation
The ARV in fixed-rate ventricular pacing was simulated using real BP waveform data obtained from the non-invasive continuous blood pressure device. Figure 2 shows a simulation resuIt of 120 bpm pacing rate. From top to bottom, the-real ARV, the simulated ARV, the power spectrum of the real ARV and the power spectrum of the simulated ARV were plotted. 
Close-loop model simulation
A simulated ARV and its power spectrum under 90 bpm venuicular pacing was obtained and shown in figure  4 . The mean atrial rate of h i s ARV was 1.22 Hz.
According to the cardiac aliasing the dominant frequency of ARV should be 0.28 Hz. The simulation results
showed a consistent characteristic. 
Discussion and conclusions
The 
